Purpose Previous epidemiologic studies have observed positive associations between Trichomonas vaginalis (Tv) serostatus and both prostate cancer (PCa) risk and mortality. However, only a few small older studies have examined Tv antibody persistence over time, all of which were composed mainly of female patients. Therefore, we examined Tv antibody persistence over time, as well as intra-individual variability, among middle-to older-aged men in the Southern Community Cohort Study (SCCS). Methods We tested baseline and repeat plasma specimens (collected 1-3 years later) from 248 male participants for Tv antibodies. We used the same enzyme-linked immunosorbent assay as in previous studies of Tv serostatus and PCa. Results At baseline, 46 (18.5 %) participants were seropositive for Tv infection. Seventy-six percent of these men were still seropositive 1-3 years later. A similar proportion of men ''seroconverted'' (4.0 %) as ''seroreverted'' (4.4 %), all of whom had absorbance values near the cutoff point for seropositivity. Overall, substantial agreement was observed between baseline and repeat serostatus (j = 0.72, 95 % confidence interval 0.60-0.83). Conclusion Tv seropositivity was largely persistent between plasma specimens collected 1-3 years apart from middle-to older-aged men. These high levels of persistence are similar to those observed for other sexually transmitted infections frequently investigated in relation to PCa.
Introduction
Trichomonas vaginalis (Tv) infection is the most common, curable sexually transmitted infection (STI) in the USA and worldwide [1] . This common protozoan infection has been proposed as a possible risk factor for prostate cancer (PCa) for several reasons, including its ability to infect and elicit inflammation within the prostate; its propensity to establish persistent, subclinical infections; its ability to damage prostate epithelium, alter local polyamine levels, inhibit apoptosis, and upregulate proto-oncogenes; and its more common occurrence in African-American men, who are at highest risk of PCa [2, 3] . A recent study also found that Tv macrophage migration inhibitory factor, a human proinflammatory cytokine homolog, increases growth and invasiveness of benign and malignant prostate cells in vitro [4] , and two of three recent seroepidemiologic studies observed positive associations between a history of Tv infection and risk of PCa, particularly high-grade and metastatic/fatal disease [5, 6] .
As with most studies of infections and cancer, methodologic challenges exist for the study of Tv infection and PCa. These include the uncertainty of the possible timing of action of Tv infection (i.e., is infection relevant for tumor initiation, promotion, and/or progression?); the potentially long period of time between infection and PCa diagnosis, as Tv may be acquired as early as puberty, whereas PCa is not typically diagnosed until men reach their 60s-70s [7] ; and difficulties in accessing non-diseased control prostate tissue. Therefore, most epidemiologic studies to date have examined Tv infection in relation to PCa by using serology as a marker of cumulative Tv exposure in older men. Although these studies observed good agreement between blinded replicate specimens (89-94 % agreement [5, 6, 8] ), only two small older studies, to our knowledge, have examined antibody persistence or intra-individual variability over time [9, 10] , both of which were composed mainly of women who tend to be more likely to seroconvert or be seropositive for STIs than men [11] [12] [13] [14] . Therefore, we examined Tv antibody persistence and intra-individual variability over time in male participants in the Southern Community Cohort Study (SCCS).
Materials and methods

Study population and design
Methods for the establishment of the SCCS and baseline data collection have been described in detail elsewhere [15] . Briefly, from 2002 to 2009, [85,000 participants (41 % men) 40-79 years of age who spoke English and who had not undergone cancer treatment in the past year were enrolled in 12 southeastern US states. Most participants were African-American (65 %) or non-Hispanic white (30 %). Approximately half provided a 20-mL blood sample at their baseline in-person interview. These participants, all of whom enrolled at a community health center (CHC), serve as the study base for this analysis. Blood samples were refrigerated at the CHCs and then shipped the same day in ice packs for overnight delivery to Vanderbilt University where they were separated into components and frozen at -80°C the same day.
Between May and October 2008, we invited all SCCS participants from our study base who enrolled at one of nine active CHCs either 1, 2, or 3 years prior to provide a repeat blood sample (n = 1,102). Approximately 66 % (n = 662) of those assumed to have received the invitation provided a sample (n = 1,010; 92 invitations were returned undeliverable). Samples were collected and handled as at baseline. Of the 257 male participants who provided a repeat sample, specimens from nine were not sent to the laboratory for Tv antibody testing, leaving 248 participants in the analysis.
The SCCS was approved by Institutional Review Boards at Vanderbilt University and Meharry Medical College. This analysis was also approved by Washington University School of Medicine and the Harvard School of Public Health. All participants provided written informed consent for the main study and separately for repeat blood collection.
Tv serostatus assessment
We assessed Tv serostatus using the same enzyme-linked immunosorbent assay (ELISA) as in previous studies of Tv serostatus and PCa [5, 6, 8] . This assay detects IgG antibodies against recombinant Tv a-actinin protein [5, 16] . We ran baseline and repeat plasma samples for each participant in duplicate in the same batch. Each of these batches had its own control panel, which consisted of a series of specimens of increasing absorbance (absorbance scores 0, 1?, 2?, 3?, 4?, and 5?). We obtained negative control sera (scores B 2?) from individuals without a history of Tv or other STIs and positive control sera (scores C 3?) from patients with Tv infection [17] . Negative control sera had no detectable reactivity to trichomonad proteins blotted onto nitrocellulose after SDS-PAGE of total Tv proteins and immunoblotting, whereas positive control sera readily detected trichomonad proteins by immunoblotting [16, 18] . Sera with scores of 1? or 2? gave non-specific reactions above baseline by ELISA.
We included twelve control panels in the testing sequence and used the average of these values in the analysis. We determined Tv score cutoff points by dividing the mean absorbance of each control specimen (1? through 5?) by the mean absorbance of the 0 score control specimen to generate a positive to negative (P/N) ratio. Cutoff points were then derived by taking the mean of P/N ratios for adjacent categories (e.g., the 3? score cutoff point was determined by taking the midpoint between the P/N ratios for the 2? and 3? control specimens). We calculated Tv scores for each participant by dividing their mean absorbance by the 0 score control absorbance and then by comparing this P/N ratio to the above-mentioned cutoff points. Men with scores C 3? were considered seropositive, and those with scores B 2? were considered seronegative, consistent with the most recent analysis of Tv infection and PCa [6] . Sera with scores C 3? are also known to have antibodies to numerous trichomonad proteins by immunoblotting of total Tv proteins [16] .
We evaluated assay reproducibility by distributing 18 blinded quality control specimens derived from pooled anonymous plasma randomly across the testing sequence. All of these specimens were seronegative (0 score: n = 3; 1? score: n = 10; 2? score: n = 5).
Statistical analysis
We compared Tv seropositive men to seronegative men using t tests for continuous variables and Chi-square tests for dichotomous and categorical variables. To examine Tv antibody persistence over time, we calculated the proportion of men seropositive at baseline who remained seropositive at their repeat blood draw. Tv antibody agreement over time was investigated by calculating kappa coefficients.
Results
The average age of the 248 participants at baseline was 53 years. The majority of participants were AfricanAmerican (71.0 %), had completed no more than a high school education (71.4 %), had a household income \$25,000 (76.9 %), had been married (79.8 %), were current or former smokers (76.6 %), and had an average time between blood draws of 1.4 years (range 0.9-3.1; Table 1 ). At baseline, 46 (18.5 %) participants were seropositive for Tv infection. These men were non-significantly more likely to be African-American and to be separated, divorced, or widowed than seronegative men. They also had a longer time between blood draws.
Comparing baseline and repeat Tv serostatus, 77.4 % of men were persistently seronegative, 4.0 % seroconverted (i.e., seronegative at baseline, seropositive on repeat testing), 4.4 % seroreverted (seropositive, seronegative), and 14.1 % were persistently seropositive ( Table 2) . Seventysix percent of men seropositive at baseline were still seropositive on average 1.4 years later (1 year post- baseline: 20/27 = 74.1 %; 2 years: 11/14 = 78.6 %; 3 years: 4/5 = 80.0 %). The kappa coefficient for serostatus agreement over time was 0.72 (95 % confidence interval 0.60-0.83). Similar results were observed in analyses stratified by race, age (\50, C50 years), and follow-up time (data not shown). Men who seroconverted were significantly more likely to have baseline 2? scores (rather than 0 or 1? scores; 100 % of seroconverters vs 35.4 % of persistently seronegative men, p \ 0.0001), as well as P/N ratios closer to the seropositivity cutoff point than persistently seronegative men (mean difference = -0.21 vs -0.81, p \ 0.0001; Table 2 ; Fig. 1 ). Even considering only participants with baseline 2? scores, those who seroconverted had P/N ratios closer to the seropositivity cutoff point than those who remained seronegative (mean difference = -0.21 vs -0.37, p = 0.008). Most men who seroconverted had 3? scores on their repeat specimen; only one man (datapoint 1; Fig. 1 ) had a 4? score. Considering seroreversion, all participants who seroreverted had baseline 3? (as opposed to 4?) scores and P/N ratios marginally closer to the seropositivity cutoff point than those who remained seropositive (mean difference = 0.30 vs 0.57, p = 0.07). These men also tended to have scores close to the seropositivity cutoff point on their repeat specimen; 9 (81.8 %) had 2? scores, and 2 (18.2 %) had 1? or 0 scores (datapoints 3 and 2; Fig. 1) . None of the seroconversions or reversions was explained by differences in batch for baseline and repeat specimens.
Discussion
In this study of middle-to older-aged men, we found that 18.5 % of participants were seropositive for Tv infection at baseline and that 76.1 % of these men remained seropositive 1-3 years later (j = 0.72). Our observed seroprevalence is consistent with findings from the most recent study of Tv infection and PCa (21.4 %, using the same seropositivity cutoff point [6] ), and our high levels of antibody persistence are consistent with findings from two previous small studies of Tv antibody persistence in predominantly female populations (64-71 % persistence over ''months to years'' in 14 patients [9] and 92 % persistence over C8 months in 25 patients [10] ). They are also consistent with findings from previous studies of other sexually transmitted agents that infect the genital mucosal epithelium and cause curable or non-lifelong infections, such as human papillomavirus and Chlamydia trachomatis (persistence range 30-83 % up to 7 years [19] [20] [21] ; kappa range 0.79-1.00 over 1 year [22] ; and 0.52 over 5-7 years [20] ).
Although STIs are typically acquired when men are younger (e.g., in their 20s [1] ), Tv infection has a wider age range of infection than many other STIs [23, 24] . Therefore, an interesting question in our sample of middle-to older-aged men is whether seroconversions represented first acquisition of Tv infection. Based on the approximately equal numbers of men with P/N ratios just below or above the seropositivity cutoff point who seroconverted or seroreverted, we believe that first acquisition of Tv infection is unlikely. Rather it seems more likely that antibody levels wax and wane over time, leading to apparent ''seroconversions'' and ''reversions'' for men near the seropositivity cutoff point. Why antibody levels fluctuate is unknown, but perhaps repeat infections or periodic stimulation of the immune response by a low-grade, persistent Tv infection might contribute to these fluctuations, similar to the argument made for herpesvirus antibody fluctuations (i.e., repeat infections with different strains and periodic reactivation from latency [25] ). We did not collect genital specimens in the SCCS to evaluate the influence of repeat or persistent infection on antibody levels, but this possibility could be explored in future studies. An additional question that cannot be answered with the present data is the proportion of men who seroconvert following infection and the determinants of seroconversion, as not all individuals infected by sexually transmitted agents seroconvert [11, 20, 21] . Therefore, future studies might consider following men from the time of initial Tv infection to determine the percentage of men who seroconvert and the determinants of seroconversion, as well as the percentage who remain seropositive over time and determinants of persistence. One of these determinants might be length of time between infection and blood draw, as men seropositive at times more distant from infection may be more likely to remain seropositive. Therefore, our estimate of Tv antibody persistence among middle-to older-aged men may not generalize to younger men. Other determinants of both seroconversion and antibody persistence might be the number of repeat Tv infections, the duration of infection, and the development of complications, as each of these has been found to influence seroconversion and antibody persistence for other non-lifelong STIs. Importantly, these characteristics are also believed to be relevant for carcinogenesis [2] . Finally, studies with longer time between repeat specimens are necessary to inform the long-term persistence of Tv antibodies, as our study was limited to 3 years. In summary, we found high levels of Tv antibody persistence and substantial agreement in serostatus across specimens collected 1-3 years apart from middle-to olderaged men. These high levels of antibody persistence and agreement are consistent with those observed for other STIs frequently investigated in relation to PCa risk.
